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CffAFfSR » X 
XWTRCSJWCfXOH 
Masifftft«8« plays an itaportant col* in ttt« aitallurgy 
o€ iron and staai* Abotst t59( jnanganesa produeaS in tha wsrld 
ia «uied in ataal aialcing* Hanganeaa ataaXa ara uaed in ajrsKTur 
pi8te8« projactiieat car irtiaala« ostting ana grinding aa<Mnarirt 
eto* High grade laanganaaa 01^99 ara isaed in dry battari««# ptinta* 
pigsisntSf fartiiisaraf ^fes and tUm glaas induatrias* 
Daring tim sr*ar lBZ9f m* ^«M« Haaltht a Hadras eiirilian 
left the Indian Ciiril Sanriea t& team «tp the iron induatry* Ha 
waa the f irat to conduct axparitnenta on a large acala and to 
bring oianganaae into ganaral nwm in the iron and ataal indnatry* 
m* {^ * Handaraem of dlaagov produced farro^raKBganase 
containing 25 to 30% isanganaaa in 186$» High grade farro* 
mangeneae waa produced 1^ Or* Prieger of Bonn about the ntam 
tiflia. 
Spiegalaiaan ia an alloy of iron and manganeaa 
containing S to 2791 manganese and 4 to S% carbon* Zt ia 
a German nBw» of *zairror'»iron*» J^cording to Borooah and 
Dann« the manganaae content "farimB from 18 to 20N and 
18 to 22% in Spiegeleiaan raapactively* 
rerro^manganaaa containa 27 to 00% ntanganeaa and 
6 to 7% earbon« On 27X of »angant«a tbe alloys lose tliair 
magnetic properties* 
2 
TlmB9 tiro «lXoy«.# mpimq^Xmtmn a»S f«rf0«»8O9a»eae 
ex>e lued chiefly in the W^mmmtmie mA op«ii*h«ftrth PXGC^BB 
tmi laaJciftf !>Di^  acid aodt iiaaic sild 9te«i» 
Sir f^ obart HaAfiald Ctknc&me^H nanganasa ataai 
containing IDt nangaiieaa irhich ia 8o»»i!Bgnatie with graat 
tc^ghnass aoA hae^aas# t% is uaad in mining maehiRary^  
tinwdradg«r# railway earvaa (i*29( m}$ atainlaaa ttaiiiy 
niekal aiXoyai for grindingt crashing mi& isiliing* 
fha i!iangane08«»coppar ia a co^>ar alloy with 4 to %% 
manganaaa« 
fha iaa»ganase«laron%a contain %^S% of laanganasa. 
tiangan«se«alutiiinitsiii alloy C0«5 to 3*0}( »ia} traa tiiad for 
Rialeing eoolcing istanaila in li*s«A« 
In the chemical indlu8try# i t i t uaed in sianafacturing 
chlorine, iioteaaitim fovSL aoSiiSR! parmangemata and aodiuai 
manganata« 
ror decolotariaation of glaaa tgrean colour)# 
pyrolnaite ia uaed* 2t has bean tiaad in India in colouring 
glasa tm&m imry early tiiaaa* 
In Ceramics^  i t I* uaad in pottery indtistry as a 
colouring agent* 
AS driers of oil paints and irantishasf nanganase 
i s misted with oi l to aaaka them absosl^  oj^ rgen thereby 
quickening the drying of the oil* 
in pigroentt oanganese eonpoisnds era used in glass 
end enamel induatries# as white* gf«en# voilet end black 
paintsA 
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Im £«rHlis«r9« «mnqsktm»m i s tit«<3 with cmamecisl 
fertilissers* It i s tassd in rails# •iigiiMi9# bridges^ eurriagcst 
Bi^ tor ear* St i s usea in ths Ituiiding of tmw things frem ship 
mA ik#rc>pl«ii«s to our stainisss cooking titsnsiXs* FinsiXy^ i t 
i s Iseieig nnmd in iaedioii}«s« 
ManganssA ors producing coiiatriss ars t^ssia* Gold 
Coast, XnAia# South AfricSf Brasii# OoSsm, HesroccOf Uaitsd States^ 
Japan* Austria ^ Oiina* Csi»cho8lova)kia# PtthitrlaiiASf Mtst Xi^ iiasf 
Htingarf^  Ztair# HaXaya# Philippines^ Romaniat Chil«« Hsxico# 
i^ orth Africa anA Sg^ r^ t* Xndlia is one of the four countries in 
the iiorid« producing more than a ntillion tonnes of siuiganese 
ores pmr y^&em In India sl^ otit BOH jiisnganese comes from Hsdh^ s 
Pradesh and rest from Hadras* sihar# Oris8a# Haharashtrsf 
GnJalEat ar^ inrsore states* 
the chief deposits of fnanganese ore in India 
associated with the Precanibrian ro^s idtieh l ies in the 
Seusar Series and Aravalii syst^a of eentrai and western 
India« Iron Ore series and Gangpur Series of eastern InSia* 
those of Oltarwar SFeteai in l^sore and the ichondalite series 
of the Eastern Ghats and east coast* The geological 
distrilmtion of foanganese ore deposits in India i s giirea in 
7ah2.««*I« 
the Aravailis of t^ area are largely coursed of 
liinsstone« qttartsite« conglofflerate* slate and phfliites l»ut 
mangaiMse ore i s found a»inl:^ in phylli^s* fhese schistose 
fc^mations aJre slightly siitaRorphosed and highly deformed* 
fh«se eoaipositioiifl appear like the leas mataBtorp!io8«d 
Ohertrariati rocka of other part of lt«3ia» 
t^ ta patro0r^hic and Ilthological eharactera of the 
Aravalli roeka due to the preaeince of phs^llitea showa Xov 
gurada inatantorphisn i«e« aomawhat aa graan achiat faciaa* The 
ramanant of aedl^wtntary atnietures aueh aa eurrent l»ed<tlf}g« 
ripple tmsksg bedding lamiiuttiona are also ahoir tha low grada 
iHataiaorphiaia* The rodks are cotifomabla and folded eaymmetrieally 
into highly pitching antiolinas and eynelinaa atrilcing E«>lf to 
There la eU.ao guarte veins of varifing wldt^ and length 
intruding into the Aravallia hat no evidai»se of ans^ faitlt in 
the aree* In the wseth mni eaat the fonaatioa are intruded hf 
eoarae grained t»ietite«*g^aAite« 
Shivrajpur iZ2^H* • 73^3t«>, )»eing aituated in the 
Paneh Hahala diatriot of Oujarat atate# ia aa iiaportant 
manganeae producing localit^r in Zndia* Theae are aaaoeiated 
with ph^llite8# i ^ i ^ form a part of the vast pile of the 
Aravalli aohistoae formations covering parte of the Paneh 
Hahsla and Baroda diatrieta of GU|«ret« 
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j^ CgESS go THE ARKA 
th« OJe«a i« «ittiftted isttwven latitud* 32^26* and 
iongrltaa* 73^37** fti« aiost i!is»ojr«ftnt laotorabl* road passlcg 
a^niHighodQ via Shiirraj|mr« fha fhivrajptsr aaetioa Cintttar<»gtias»} 
o£ tiia ^8««ni Halliray takea off from C a^inpaaar road on the 
Inroad guaga aoS is cotmaetad to Pani minaa )^ light raiiwa?* 
Tha area shotra divaraa topographical faatucaa vailing 
££08i plaea to placet and alto ia mash arod«d« nMitamoaqphie 
panaplaita* Thajra ia a coaapienoua aaat<»iira8t tcandiag hil ly 
tacrain to tha aorthf which ia 2-3 ailas wida and 10 oilaa 
l<mg* tha naatam and of i^ich widana furthar towarda 80uthwa]:d8 
to form anothar noirth^aoDth bait of hil ly country* 9ha highest 
pointa on tha aaat«4feat hilly terrain are A l^ 478y ^ !# 409? 
/^V it 240^  and ^^  if i$9» ttm north^aotith h i l l ranga^ at tiatea 
charectariaad by parallel ridgaa^ a^iietimes in the form of 
atraight or sinoaa faatares, at places »hmm intervening 
narrov valleys or elevated undulating plains* 
j«>8rt fr<»a €h© two hilly rogion»# the rest of the 
landscape consists of flat or undulating plain country with 
occasional low# isolated hilloelts or ridges* The iaolated 
Pavagai)! t i i i l» •otae dlst«iic« «fr«y from tt)« isoirtIiwW«st of ttift 
ajp9a# eonatittiti^ of th« iNKJean tr4i^«# with i t« highest pwak 
of 2#720 ioett forms a prcmintnt f««tiir« of tha iandseapt* l^e 
fatiaral «l«i»tid» i»f tha plaiii i raogea fipom 300 to 3S0 feat 
aldovo aaa i«val» 
1»i« ar«a Cshiirrajpur) 2a**a6» * t3^lt» (Haitgaf»»a« belt) 
haa a taodarataly dr^ f t r ^ i e a l eliimata whara wat and dry iaaaona 
ara wall fiiarkalil«« Xt Is w r y pleasaat and QOOI from iroyaslbar 
to tha end of fal^mery iritH day t«inp«raturas of 18^ to 2S^ C 
and night tvn^pffratiira of 18^ to li^c* l^iara vsm also spQlla 
of aven alightly loiiar tas^rattirea lasting tipo or thraa days 
aaeh dturing tha cold saaaon* 7r«KB Harch onwards the l^a^rataras 
rises rapidly* rvaohing a nuudUoufii of 40^ to 44^C on niaay days 
in ApiTil and ifay and most days of ^nmm Oeeasionsl thiindar 
stormsf often with hails give sQwm rs l ia f during this pariod* 
isonsoon ssts in dtsring «iuiy end laost of t ^ rains f a l l during 
August and Saptairibar* Tm ra infal l aiN»ragss ab^^t 40 ioehas 
par annon in tha westarn part of tha bait and inoreasss to 
a^ boiit 6$ inehas psr annum in ths aastarn purts* 
•mft «&tlr« t>od7 of th« offluent aurf«ee natAir of thm 
asvft fif»l9 i t s way ultimately into th« Arabian ^ a through tho 
Mahi %mich ia a diUtinct river syataia* Chst3har« Anas anft Panws 
ara tha tmB% ic^portant atraan* of liahi ayatam* 
SCOPE & PimPosE cat twmstp:^^^^qy^ 
l^a prasant itsvaatigation of tha araa# which ia mada 
hy the author^ iiaa in Gtsiarat atata^ ooaaiating nanganaaa ora 
bodiaa which iB siaiiilir aaaooiatad with phyllitea ana quart»itaa* 
Zt ia attaicptesS to touch upon the various probleitta of ganarai 
gaoiogy« patrolog^t gaoehainiatry of tha loangafiifarotis rock to 
Imsfv how i t ia haipfui for faking maRganaaa ora bodias* 
tha i^ raaant atudy alao throim aosia light on tha origiiu 
aourea^ and cos$K>sition of ora witi, tAmir apaeif ic aeonosiic viaeB 
baaed on thair chamical quaiity* 
gREVXOOS IHVESflOATXOHS 
riratiy in im$ Or« w«T. Blendford w!io travaraad a 
large part of waatarn India conaiatiag of si^taiaorphie and 
aubmatenoinpHic roeka of Arehaana aga and aoma ignaooa rocka 
ineiuding tm tmeem trap8« casta mcsma a gieoup of Pg^e^tSsrimn 
mifossiliferoas and partially inataiiiorphostt^ t soeka« such «• 
iimestoftdt aiat«« eoogXomarataf qit«rt£iti«# ntCt in tha PaiKsH 
Mahftla (Siatirict of Oujarat* l>ut found SOIM dlfficutty to 
(lttt«i;ml»i thaif raal nattira* He firat introdlttced tham as 
Clias^aner Sarias« c^opting tha atratlgraphie notMneiataire 
aftajT Oienpanar (22^29* t 71^32•)# a amall i o e a i i ^ aituatad 
about 7 siilaa oorth^vest of Shiviraipar afid otiea fanoisaly kooim 
as the capital of the maliai rulars of CHsiarat dtiring ttia 
thirtaoath caattiry A*i>« About maitgaiiaaa ora ha mada a eafaranca 
in siiiiTjreipiur anft reportad that tha ora in aaaooiation with 
aarth magnatics iro% if found in qiMirtseita tandatona* 
Aftar a long gap^  &r« l<«ii« tannor imo axaminad tha 
area in 1909« caportad tha large ora bodiaa for a langth of 
throe inilesf along tha ridga top to tha aouth*aaat of the 
village# According to hi% the manganasa ore deposits near 
Shivrajpnr and &amanlcue# associated with the Chan^anars 
(Dharwara)^  rapraaeat superficial replaeetaanta of guartstitea 
ana aletea and m&^f also pmttl^ indieate original manganifaroua 
aadiiaenta conternporaneoaa with tha ancloaing JDharwarda* Vim 
large manganaae ore bodiaa of Sandnr hilla (Madraa)#rapre8enting 
ai;^rficial r^laceroent i« cited in aui^ort of «w raplacaiaant 
hypo«aiaaia« ^ a gondit© roclta are not fouaS in Shlvrajpur t^ 
hiia,a part of associated rocka should be classified with 
gondite suite* the absence of gondita rocJca in Shivraipur 
shows that tha rocks are not highly natamorphosad to form 
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i&im g&gnSiit* xraeJcs sueii as the mangasst* ore &9pmiit9 of 
mAh^a S*radi«9ti« 
Xfi 1919 BiMir notm& aoise intrusive granites end gnaisaes 
•urrotifiiSifig t)ia inatamorpHle roetm on thair tsor^* aast and «oiith« 
baaidos 16 variatlaa of mataiaorphitt rocka £iro« Panah Mahals« 
Aceofding to hi» granites vera of two tj^aa* One of thais 
eoaraely er^rstaliins granite ressfislittg in tmwsst respects the 
Dar^ tDOor granite ol Englandf and the other assooiated with 
j;)egmatita8« reported as a nonf^ poji^ phyritie oaranite* THm»m 
granites ipsre of po9t«»0hanrar age* 
In I92i Mr* O.V* tfahson visited the vorkinga at 
Shi^ rraipur and iaiaanlciiaf reported quartsltest limestones^ 
ealo«gran»litea, phyllites« slates* eonglomsratest eto« 
helonging to the Chasipaner Series* He deseribed that the 
granite of Chota-Vdaipur having raor© or leas nniform 
eofi^osition i^l«h is to Ise gentrallif •«^ £> ixt a nonaal granite* 
Observing a miinber of isolated patches of Oiaepaner rocks 
enclosed in the granites« he eoncltided that the latter were 
intruded into the Chatnpaners in the postwDharwar tisws 
(Hob3on# 1926 K tim qoarts veins and soias pegmatites in the 
granites were though hy hits to be related to the last phase 
of granitic intrtision* 
In 1938 fiessrs* 8*C« Ct^ta and P.H* }«tkherjee 
reported on a small occurrence of manganese ore about 
three tniles north of Anas railway station* Thef deseribed 
two suites of granites occurring as Intrusivea into the 
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iur&vail.i8» Otmt ^ setlh&d WM « porph^^iti^ ^^ult^t iras stated 
to t3e oitmn mBBmsiaMeA with gneias* fh« oth«r« nhich wa» taksii 
to iTQ younges' than the tommv suite* was roeogmist^ hf i t s 
l^n»r«l oafoliated natare* Finding dt»9«Re« o£ eny «f£«et of 
the jyr«valii tectonic ffi(fim0»iit in the youngtir franit«> and 
no^^ng i t s eioae phyaioai «f«9 min»ralogical siadiaritiea 
with tho Erinpara granite of aoutfwira Rajputana# they eoi^aleted 
i t with tho Erinpure franito of pe9t*D«lhi ago* 
In i9S0f Roy eiassifiod tho oroa into four typas on 
the baaia of their mode of occurrence and physical eheracterss 
AS regards the origin of the ores* he hold mor© or %»»» the 
s&m viow as es^rassed isf 7eni»r (1^09) ai^ suggested that 
t 
nsitasomatic of iSm i^iiites and quart»ites was brott^it about 
in throe stages by manganese solutions derived either from 
hydrothereal solutions or from some undisccsi^red foanganiferous 
rocks in the adjacent country. He also suggested that the 
coi^entration of superior grades of ores at greater depths 
as due to easy flow of circulatory raateoric water down the 
hill sides formed by highly dipping and folded ore rocks* 
IUieul« s«H« (iM2«63} reported^ Shiirrajptir (south) 
lease have three different lii«e>ar oro l»if»ls of laanganose 
which are well defined and separated from one another by 
intervening phyllites* these bai^s ere closely spaced and 
having same strike and mox:^ or less parallel to each other* 
First t^nd is main reef and second back reef producing high 
l l 
9r»a« maiigiiiw8« ore and third band* knoim as loir gg&Am re«f # 
fluids rosifily t ^ inferior frades of ore» tlis mmm. is «iso 
capped l>^  {la8»l,« s,ir« Ci963} who sttsdiad deeply the siinecaiogy 
of the raafHiaiMise cure and stated i^ut paragei^ais, origin m& 
sooroe o£ the or«a« 
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fh9 author ms^^smmmi hi* 6&mp $mrme of gw&titxxtm aniS 
lyppiMGiatiim to ik* H*i!«A* Sajiat toe hi t iralut^ l^L* guidftne* 
and <»»iMitsitt: oiicKmrapMsviils All through the «c»oai^ il.«hiiMiiit 
of t^i« workf 
The author pli^i« on cveord his indobtddiitios to 
Prof* S«H* iUuial C£ii><pCh«irHian)# test B]^st:^r9iaor« for his 
«foiistruotii« caritieiiim eaa if«lti«^X« advice daring eonplatioo 
of -^is dis««rt«tioB« 
fhe author i» hi^l^r gratofiiil to Pmt* v«ic» sriirastaimt 
ehainaaist oepartiaaiit of l3toiogy« A»»«ti«« Aiigarh* for providing 
ime&Bwsr^ faoi i i t ios «aA taking kaan intareat in this worls* 
Ttm author owaa spaoiai l^ haaka to ^ o f • itoon^ialf fiaadt 
^apartment of Oaoiog^^ miM Vnirmmitfs fiaihi* for provldiiig 
a l i tfpaa of faoi i i t iaa for geoohamieai analysis • 
mm smthwe is psrtieularX^ gratsfui to^  h i t friand. 
Hr« Parvai^ Asam Qadri «^o navar f aiiad to help at avarf 
ataga* 
me author is gt^tafai to Mr* mxaait miani a i^ 
m* nohd* Ajiial w i ^ ^om m&nY f ru i t fu l BesHmm of 
diseysaioh ymm ammt^i^* 
fhe author a^jpraciata valualjl® halp readily racalvad 
f r ^ llahd* Aslaai during photographer and also thankful to 
m* Sagheer Ajiaal for eartographie worli* 
1 ; 
mm than^ mm ^ xm to H/a S«$i* flM«ii# ft«lMraib Jihtnad, 
zailtir ffti8«in# Hasar MS Kliait# for ttm fmlp th«f ^letan^d in 
Author ia alao thaidcltsl to ^^ eafnillili faroo^l anfi 
Hiiea£f«rttl Haaafi for thair eot^ration* 
Ttm cuthor avalla of thia opportunity to acknoirladiga 
tSm blassinga and good wiahaa fweaivad froio His ciothar and 
last tmt not laatt th« autlior i» aiao thai^sfisl for the siorel 
atreng^ and ati^ port y/hieh ha raeaii«d irmit hia Mitmm 
tii the and* tha author haa the piaaaiira to aolmoviadga 
tha c*d#I*ii« for aiMindtog the failoifahl^* 
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CHkPTBn - XI 
S^lATJGRAPmr & GEIKRM* SET«*t7P 
Zn i8$9 BXan<3£ord« first gave th« g«Ql09ical ••ttlng of 
t¥}6 AirsvaXlis (C3iaii^8ners) in the neighbourhood of Panch ifahalSt 
later on auggeatad the inetaiiorphlc rcKska to b« lauch older than 
the vindhyana« and faced »oim diffioilty in separating the 
Chan^aners from the highly metamorphosed gneiaaes and achiata 
into which they grade intensibiy and vithotit any visible eigne of 
break* Then he considered the rock series as equivalent to the 
formerly known •Sttb-metaraorphic series* of Indian stratigraphy* 
Zn this way# he firat raade ^n attesqpt to establish the 
atratigraphic position of the Oiampaners as follows:-
ZI Vindhyan series Diamond limistone and sandstone of 
Belgaon# Kaladgi taiS fiatnagiri 
I St2b»{nstaaiorphic & 1» Oranitet giMiss* mica schist* etc* 
Bietamorphic 2. ChaB?»aner beds 
The term *sub«raetamorphie series* or a synonynous ter» 
•!eran8ltion Series*, waa previously adopted by the Geological 
survey of Indie to include a group of awtemorphic rocks in 
lb 
Znaia« which ©hows a l«»8er degree of ra©tan»»xphisa ftmn the 
other gtmiBBic aM schietose verietles oi Archesn rocks# ana 
fchtifl the term wee used by tho earlier writer* more with regerd 
to the jurchesii jiseteroorphic rocke In the geologic time-ecale^CBall^ 
1881)* After the dlaeovery of some more rocks of similar nature 
in the other parts of Zndia* the transition of sulwaetamorphlc 
series was further subdivided Into a lower division and an upper 
division (Medlicott and Blandford 1879-87) es follotrs -
VindOiTim Series 
AZOIC 
tratisitlon or 
8ub»inetaiaorphic 
rocks 
MetBioorphic or 
gneissic 
upper ••• Owalior# Kadapah and 
^ladgi series 
Lower •*« BiiawarAf Cltatopaner beds^ 
Aravalllf Kalani beds« 
transition of Behar and 
Sillong 
6neiss# granitoid and 
schistose rocks^ etc* 
On the basis of the stratlgraphic conformity, 
associated granitic intrusion and the decree of o»tan»rphlsm, 
the two fold division of the Transition Series was existed. 
lb 
Oldham {1693} tecod diffieuJLt^ to determine the a9«9 of Icnmr 
and upp«r Traiisltlon S«ri«8 du« to the absence of €o«slls and 
varying degfue of matamozphism from |>lace to place* Howiver, 
the C^ianpanere were s>}>«c«d in the lower divialon because the 
lower group o£ Transition roclcs had been subjected to a 
considerable disturbance and some degree of {neteroorphiam* 
whereas the upper group# showing gentle dips end lesser 
taetamorphism than lower group* R*B« Foot (1688) expressed that 
the Cha^paners might be classified with the Cuddapah sirtteai on 
the basis of degree of metaroorphisin and lithological characters. 
Medlicott and Blandford did not revise the classification of 
the Transition series according to Poot*s observation* 
After a long gap Heron (1934) told that the Chantpaners 
are contimtous with the Aravalli series of Hajputana* Earlier* 
Heron (1917) had expressed that the nearest analogue of the 
Delhi System was the Chasipaner Series; but since he found no 
particular lithological similarity between the two^ the view 
was later discarded* Fernor (1934) suggested that since the 
Charapaners were found to be continuous with the typical 
luravallls of Rajputena, the local term Chan^aner should be 
discarded in favour of Ravalli. Further, ixsing the 
manganiferous rocks as a stratigraphieal datum line# he 
advocated the probable contentporanelty of the Chan^janers 
of Qujarat and the Aravallls of Jfhebua, M,P# with the 
gonditic rocks of Madhya Pradesh, which form a part of the 
Sauser Series, tater on, Fermor (1936) reported that Chan^ener 
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raeteetKjrphics are in the Arch#an Province »©• 5, and accordingly 
he grouped them with the (manganefie or«J-» ^rbla Province of 
hl« Ron-CharnocHltic Region* 
»«est (1934} stiggeated the probability of a aouthward 
continuation of tha Chamapnar sarles of Gujarat ondameath 
the Deccan traps to reappear in Ohanrar and »^aore aa the 
Dharwara* Therefore, according to the opinions expreaaed by 
the earlier workera* the Aravallls of Rajfaathanf the Chaiapanera 
of Gajaret and also the Ohan^ara of %8ore way be broadly 
conaidered as boiwatoxlal* 
matly area la occupied by the «2uartsite# alate# 
congloiwirate, phylllte and liR»stone and in the north, 
Intruaive granites are present. Manganese ores are associated 
with the phylllte in Shlvrajpur^ it is structurally concordant 
with the host rocfcf phylllte. On the ifeat of Ohadhar river# 
the area is jwjstly covered by the recent and sub-.rec«nt 
alluviuRi* Th© area showing low grade of mstamorphiin. farmor 
(1936) described as epitaetamorphlc* Hie conglomerate Is 
concordant with th© overlying and u^Serlylng beds, indicate 
there is no stratigraphlc brealt in the series (Raiaa RaO/ 
xl936). 'She original basement of the series could not 
bo seen In any part of the area* The stratlgraphlcal 
sequence of the area is as follows: 
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th« Strafciqrraghy of thy iire^ 
Succession 
Arohvan 
RKcent and 9iib»rec«iit allovlum 
PoAt^Aravalli Kalsar granite and granitoid gneias 
(Sntrasiva) 
6* Batoankaa it^ura Xinierstonaf 
often with i^yritea 
5« Shivrajpur phi^llita trith 
tnanganeae or« 
4» 8hat quairtsita 
3, Richhbar grit and conglosserata 
2* Jaban Slata 
1* HantKdt quartsite 
7 
(original tjaaemant tsnlmown} 
AravalXi 
(Ghait^ aner 
Seriaa) 
urtdohOQr 
th® rock forwatioa of tha area balongs to the Aravallis 
which are largely^ coinpoaed of Iiin9stone# phyllite having aofna 
workable manganese ores* quartsitaa* conglotntrata and alate^ 
are partially niatainorphosad and highly dafonnad* PhylXltes 
and quartsites occur as latemate bands* fhey genarally ahow 
fairly steep or vertical dip indicating a saries of highly 
folded argillaceous suite of rocks* In the classification 
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o£ Juravallis gi^en bjf mi&stBw 0*c« Gupta &M p«fl» Mitikherjee# 
the manganiferous beds laay ^ correlated t o the upper horizont 
namely* the argilXaceotia series with quar te i t i e intercalat ions* 
PHYLLXTES 
^ Q colour of the phyllites ranges between varicms 
shades of grey* brown and red« The phyllites vary in hardness 
and £issilityf the ustial types splitting into a shining 
corrugated sarface* At places they contain abundant tnixmte 
garnet crystals* often mistaken for magnetite* 
Quartsites and cherts* thin intercalatory beds are 
a few inches to several feet in bedding thickness* having 
a stiffening effect upon the phyllites* are very coantton 
throughout the manganiferous beds* io@e quartzite bands are 
several hutklred feet thick or amte across* form isassii^ 
belts* Quartsites are «rtiite* grey* brown or pale pink in 
appearance* generally coi^act and crystallised* but foliated 
type also seen. «rointing in the form of irregular rhoitJbic 
blocks is a characteristic feature of the (|uart8ites* Quarts 
veins are also seen. Ouarteites are at tiras brecciated and 
recemented by secondary manganese and cherts* 
o n 
htmsmms 
In the area* nmngeticse ores are not asaociateS with 
liit^stones which are the ealeareous faeleait hut in Bansmira 
or Udaiptjtr the llcieston© contain luauganes© ore* Th© limeetor«>s 
veryifig betn^ reen ditt@rnnt shades of grey atidi pink# are dolomltie 
in composition* Th^f contain silliceous and argillaceous 
inpurities in varying aRK>onts# the impure veriotlee being 
comiTonly iwptegn&t®d with ailicoouta or ferraginoue r^ains# 
stringers* etc. giving the form of a pitted or er^ticuloted 
appearance. ThBf are €ltm to coarae cryataliine or B)asaiv«« 
They are coarsely conforn^bl© with the qiiarteites and phyllitas. 
i^gional sK^vementa and prolongaS Mit^ gysiorphism have 
changedi the primary sands and clays into gaartssitest phyllitea 
and schists* Sediifsenta containing pure manganese were changed 
into crystalline aianganese ore and the mixture into distinctive 
rock® to ^ich Fermor <1909) gave the name of •Conditest, 
In Shivrajpttr area* metaararphiam was not so profound as in 
iHadhya Pradesh; as a result the sediinents have not been 
changed to true 'Gondite* am the most predoiainent rocka in 
the area are alternate bands of quartaite and phyllites* 
AS far as the general set-up of the area is concerned 
it is observed that the rock series is hi^ly deformed 
2i 
consisting of large nuiober of micro, afid otaero types o£ foldiiig 
with Joifita and at aome places in phj^llitea slickenside is also 
observed* The rock formations are conformable and the folding 
is asytmnetricel v^ile the anticlines and synclines showing at 
places high pitch and E-w to ESE-HHW striking very clearly 
evei^hough the primary structures e»g» ris^le tw»rks# bedding 
laminations ai«3 current bedding are noticed* MSost of the area 
is covered with soil that is ^hy there is no evidence of 
faulting could be seen« 
At the aroa of investigation two distinct systems of 
folding are observed as also fK>ticed by MuMierjeat &* (X961}> 
who observed that the first s^tem has resultod in folding the 
strata which contains the reefs into series of aeyraraetric folds 
having a westerly pitch* This is the older of the two systen® 
of folding. The second system which is asjrn^ netrical folding and 
are anticlinal and synclinal both are more regional in nature 
and it seems that it has folded the whole sediments into a right 
angle bend* 
In quartsites irregular rhombic blocks of jointing is 
characteristic feature observed. Dvm to the slickensides the 
phyllites are found to be very imich distorted and disturbed* 
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CHAPTER o 2IX 
mKOAKBSE ORES 
Manganese never occurs £r«e in nature but alva^rs in 
confounds* Xt it a light metal and pinky«>gr«y in colour» 
melting at about l«260^C# boiling at 1900^C and is s^fmbolised 
as Mn* Manganese ie a d bloclc elecnentr having atomic nurnber 
25 and atomic weight 54«93« has been placed in the group o£ 
VII B of the niodern periodic table* Its electronic eon£igura«*> 
tion may be i«rritten as £ollovs «• 
IS^, 2S^, 2p^, 3S^, 3p*, 3d^, 40^ 
ttfanganese has co-valant bondiag, and varying valencies 
depeiuiing upon the os:idation state which is as follows • 
l» ©ivalent ••• MB** 
2« frivalent •»• Jti*** 
3. ftetravalent ••» MJS*** 
4# Heptavalent »». MB******* 
About 95% o£ the manganese ore,produced annually,is 
used for (netallurtjical pursK>8e8» Zt im used in steel maiding. 
Manganese steel ia used in tin^dredgert railway curves* 
car«whecls# armour* projectiles* cutting and grinding 
laachinery* etc. In stainless steel and nickel alloys also 
itianganese is used* It is used in copper alloys* manganese 
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allwalnium allOF* niaagene8«<*brofiss«t eh«mieal ii3diut£y# glass 
industry as oxidizing agent, carawics, pigmeots, dry batteri«s# 
£ertili8ars« driers of oil paints # watniahQB, and medieiiias* 
Manganese is used from big ships and aeroplanes to our stainless 
cooking.utensiis* 
Xn this way im can say that the manganese products 
govern the modern eifilisation in one way or the other. After 
the second %mrld ir3r# the demand o£ manganese has increased 
three £olds and vast itaproveimnts have taken place in 
msehanisation* particularly in the mines under the Otntral 
Provinces Manganese Ore x«intited# fhm Shivrsjpur syndicate 
Limited a»d £ew others* 
mm OF OCCURRENCE 
mmiimmtmfmm^mmmmmmmmmmmmmmmmmmmmmimimiimm 
The inanganese ore li^ odies in varying shapes and siee 
are associated with the folded argillaceous series ol the 
Aravalli formation^ in association with phyllites* schists* 
quartzitee« occurring like bedded deposits^ or as irregular 
nests# veins and lenticular bodies» fhe bedding o£ the 
deposits follows the folded structures of the host rocks« 
and,therefore,their shapes and sizes ere etrueturally 
controlled by the actual fold pattern of the associated 
rocks* 
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mngmnemm i%xi^ <i» hsm smpl^c%A t!ic- folded &mia%^ roelss 
in varying degK««s« ifheti ^® r^lae^smtit in eOTK I^«t«€ tti«> ore 
i:K>die0 appear as beided deposits o£ sftdisfientarr cnrigin* iMiiict 
bodins of thm ocif inal ph^^lllfees and q«art«ites ptmm9tvim ^^ he 
or iginal lamitietions and folding at«ietar«a of the srmiatry 
roclcs* ir^ieat© pa r t i a l r©placoi^»t» 
ThQ principal types of or© deposits are as follows • 
I* R®gioiml# progressive replaconiarsbs of ph:^llit©s and 
qiiartsltss hy mangarmaa o rss , th© iddth of s ineral isat ioi i 
i?sryiag from SQ feot to several miles* Tim maxiimim doptli 
of miodralisetiofi Is provod Amm to soiio 350 feat do 
indicated hf tha l>or© holes a t Paai» 
2» Local enrichRieiits or conceatrafclona in th« form of 
irregular^ sraall or lanje pecfcotSf si»5ts/ wtlns, «tc«,# 
in phylli tes* q«artsit«?s# eto» 
3» ftongaitlferoasi l a t e r i t i o grav«l» aad soi l (float-or«) 
par t ly represofitiag a l terat ion of li«dd«d dapofits im 
oitu* 
4* Concaatrationa along joints,r iiBmrtr,, faolta a i^ 
of l>recclstioa# in phylll tea and guartzl tes* 
According to Rasul, S*H* (1965> who had norked on 
s^nganese ore of Shiirraipur^ ««ff«»t«id th« raanganes* mines of 
Shivrajpur CsoisthJ l««s@ have three well»s»rkadf liisear ora« 
bauds, separated Ijy intorvening ph^l l i tea , moro or 1«S8 
25 
parallel to the host roeK# n&tmly nain r««€ and baek tmmt 
having high graae orast loir grada re«£« Pcad^ninAnt or«« in 
these reefs are polianite# pyroluslte and cryptottelane« 
Hanganite and l^aunite oectsr in s^otm of thein Imt rather 
ia£reqttentlr« ^ ^^« basis of atructitre« nature* laode of 
oceorrencet mineralogy* texttzraa^ aiicroatrueture and 
parageneaiSf Raaal (1965) gave the genetic claaeification of 
the manganese ore bodies t^ hioh are of three types* 
I* ?rit&ary or metamorphie ore 
2« mep secondary ore 
3* Oatcrop secondary ore 
ait 
The deep secondary mai^anese ores iMill dif ferentiated W<ik 
the primary manganese ores due to the voggy and eolloform 
deposits (Rasttlf 1963)# occur in the great depth at about 
300 to SOO feet CFcrffiore« 1909U as excavated in Shivrajpur* 
polianite, pyrolusitet eryptomelaiMi as deep secondary 
manganese ores CRastil« 1962)* Deep secondary ores contain 
the prirmiry ores as alteration due to the oxidation^ solution 
and reprecipitation in the same horison in which they are 
originally formed (Varentsov^ 1964)« 
These deep secondary ores are the precipitation product 
of the manganese bearing orm solutions carrying by the 
percolating irater, based on certain chemical factors involved* 
Savage (1936)/after a smriQB of laboratory e^^periaents on the 
solvent action of various kinds of surface water in the rooks 
2b 
aasociatea with manganese oxides ;Caiae at some important 
conclusiofis that the primary manganese £rom the mangeniferous 
rocks is taken into solution by the meteoric vater containing 
free eart>onie aei<l» it is transported as l»lcarl3onate o£ 
manganese in acid water* He further classified that after 
the loss of carbon dioxide the solution would become neutral 
or slightly alkaline, forming unit«bl« manganese hydroxide 
end further fosmation of manganic hydrate in the presence of 
free oxygen^ which after oxidation precipitated as manganese 
oxide* ZejplEfe (1933} concluded <*manganese may be precipitated 
ma oxides if the solutions be slightly alkaline and contain 
plenty of oxygen** Xn an earlier paper* Zapffe (1931) remarked 
that the atmospheric oxygen could not react with the neutral 
or acidic solution of manganese h^roxide# imt would react with 
the alkaline solution in causing precipitaticm of manganese 
oxide. Lenher (1916)>after laboratory experiments, concluded 
"The deposition of pyrolusite^ the most plentiful of manganese 
ores in nature is doubtless the result of a series of reactions 
of neutralization and oxidation"* 
Xn this way, there are semirai Archean secondary ore^ 
deposits of manganese in the other parts of Zndia as well as 
world* originated by the local sources, ror example, Dunn 
(1939) stated that the ores of Chaibasa# Singhbhum# originated 
from underlying gonditic rock or other manganiferous rocks of 
the ir©n Ore Series due to the solvent action of ti|on«mang»atic 
hot water circulating through the fault zones in the Kolhen 
2V' 
Series»^Spes»»r (i940h most of tho aaingain«8« ore deposits of 
the ymAm»Koit& valley in Orissa we£« formed by the solvent 
ection of meteoric irater on the mangenifer^ms sheles* P^rkg 
e t el» (i9Si) jreported that a l l the Brazilian manganese 
deposits were f ortned through neathering process «fhleh created 
favourable conditions for contacts of surface water vi th the 
decayed mangeniferoaa sediifisnts* 
TiPBB OF MftMQ/MIESE ORE 
In the aeeSf Shivrajpur C22^26• t t3**37»)» the ore bodies 
associated with the folded { ^ l l i t e s and iiuartsites^ CG»i9>rise8 
pyrolusite» polianite« psilomelanei^ cryptcsnelsne* braunite and 
mangenite with soma imd* 2he usual genuge minierals are quarts» 
grey, or white lithotnarget yellow and red oehrvt earthy liflfsonite 
and concretimiary iroq»««re (colloidal liisoniteK sonta l a t e r i t e 
i s also present* 
i« vtmumTSB 
pyros is the Oreek for fire end lusios destructive* 
Synonym i polianite (the natoi formerly applied to phanero«» 
crystalline varieties)* xt is used as a decolouriser gveen 
glass« It is fine grained* blue«grey to steil-grey^ with 
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feiack straftk* very imeH fi:i«ible and soils the £ingcrt genarally 
appearing in en amorphous focm* Colutonar or varmlcular aggragatas 
of this ininaral are seen oceaaionally* It also occurs as a 
sioall flaky or tal>ular shining crystals* Zt contains 63 parcant 
of m^ It shows su^tiatallic iusttire# hardnass » 5 to 6 and 
epaciflc gravity •• 4,7 to 5.0, vary brittle* eryatallise in 
tatragonal aystam* 
Xt is tha moat stabla isanganasa oxl^a in tha oxidised 
eona nhara it is tha and product of altaration of all tha 
nanganase fninarals containing manganasa in tmi degraas of 
c»cidation« 
lender tha ref laetad light it appaars nihita with pala* 
yell on shade* almost non«plaochroie« faably anisotropic giving 
grey eoloorst reflectivity ia slightly lass than polianite* 
2« POhtmiVB 
Pyrolusite and polianite are tha same rainaral* Ramdohr 
end Schneiderhohen (1931) applied tha name polianite to tha 
coaraely crystalline variety and pyrolusite to the fine 
grained variety but the X^ray studies reveal that these ^)th 
uiiiMBrala ere identical in respect to their ststictiires a« well 
aa chemical composition* Polianite occurs in the form of 
euhedral prismatic or bladed crystal having blue grey to ateel 
grey in colour, the hardness is 6,5 with specific gravity. 
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«»t to 4»di foitftllic luflture vith black •%£•»}£• 2t oeeitrs m» 
d««ii seeondQZ^ owm^ showing im g^sr &^^ eollofora deposit* 
reporters from Bhiweaipox (n&mkX^ S«}i«j| 296S)« 
3* PBZwmhkmmcmpTomtAm 
The chemical coisp^ti^oii and x^rair patt^rsis of er^ fptosiftian^  
and paii^nelaae are sois*what diff»reiit Imt since their phyaicaS. 
properties are overlapping (aamsdall* 1942} and they haire also 
no diatinctiire optical characters of their oifn« it is rather 
impossible to distingtiish between the ttro closely associated 
dtinerala even under the ore microscope* As regards their 
chemical cCH^ositions they differ significantly only in tvo 
of their constituents irif;«« 9aO and iC|0« CTyptOfnelane has 
K2O as one of its essential constituents with little or no 
BaO»whereas« there is a little or no K^O in psilomelane 
having BaO as one of its esaential constituents (Fleischer^ 
1960K Vh& mineral is very fr«f|uently associated with 
colloforni manganese ore* Zt is botryoidal (masraillated) or 
stelactitic^ indicating an origin irasa colloidal solutions* 
St also occurs in vugs, zt is black in colour^ hard ore« 
ahonring laminations parallel to the foliation of the 
phyllites and shovs contortions and foliings of the 
associated rocks« 
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Zt has sulEHRetallle lusture* brownish black str^ak^ 
hardness* 4 to 6, 4*4 to 4«7» speclfle gravltyt 8ab«<eneoidal 
£racture containing about 4S«69& Hn* tSudmr ttf rmiXmctmd light 
it shoi#8 gr@y*whit0 eolwir and aiatinotly aniaotropie in 
shadas o£ greys with laodtrataly ref laetivitjr* 
This is forniad mostly e3»»genousiy in the oxidised csonas 
of tnanganese ore deposits and in d^p^its of sedimentary origin* 
In shivrajpur* it is seen as deep secondary ore* It is the 
principal ore for ferrc^ i^ eusranese with pyrolusite BI^ other 
manganese oxide minerals* 
4. MAD 
It is an earth mixture of pyrolusite and psilOHcnelane 
with other ioipiirities* Brownish to steel grey in colonTf 
occurs as cauliflower like low grade manganese oxidSt 
softness and low specific gravity is l^e characteristic 
feature* First of all# it is reported inm M^ore (Kemataka)f 
Fermor <1909)# Sen (1951) reported fr^a Reonjhart Orissat and 
Rasult S«H« {1964} from fhivrajpur* 
S« 8IU^tmXTE 
Th» formula is often abridged to m^Oy It contains 
about 44X of Mn» It is black in colour with brownish black 
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streaky shovlii^ 8iil»m»t«Xl.ie lu«ture# having hardtmta, 
6 with sp^eiCie gravitsr 4*d» xt ia isoiHiiaoiiatie* It oamta 
in pol.i«nit«« pyrolusite and cgfptmml&fm, and foriiHid 
under cedixcin^ conditions* Braunita oecura aa sub^hadrai 
to anhadrai f 0£it with light gjtmy eoioiijr# tmthly |>leoeliroic 
and aligfhtly aniaotropiet beowniah-grair* 
6* Mft^ AUITE 
^&is ocairs aa finaly ecvataliine aggcvgataa* 
It haa got hlac)s to ateal gray eoiour with brown atraakt 
ahowing hritti^nass* having hardnesa^ $ to 4 and ap«eific 
gravity 4*2 to 4*3» It also occurs in pol.ianite# pfroiiisite 
and paiioiaelana* f«mganit« ganaraily foriaa ondar conditiona 
o£ oxygen def iciancr* Along with pailoiaaXana pyroluaite 
orea# nsanganita is an iraportant taatarial €or f«rro* 
nianganaaa* 
tmder tha rafiactad light i t ahowa dark-gray 
colotir faebly plaoehroic in oi l itaRiaraion and strongly 
anisotropic shwoing ahadas of blii«f violet and yallow 
3, 
i n pmf ^Ich dist inpi iahes i t iwom m%% otlMir iiia.iig«ii«9« 
laiDMUPois* 
mm^^^^® eiiolng hm Immn oair ied #8 i n ZtiSia fo r 
th« 60 ]f»a]fs ftmn sur i i^e s^trfiteHitig t o th« mm% it{>to«4at@ 
BMthods Of ynaeffrottnai «tiniag« Hanfandse mtaixig isittiods 
airti of four tfpea irliicit «ir@ mm m» foliows « 
i« Bonider or f l oa t or«i« are w>n ' ^ stialXow surface 
ifforking* 
2» from 1937 ext«is@ii»« we»trk on ^ 0 wa8t« dus^s i s elao 
^ i n g ©n to r®i50¥»r mmx^f pimsm of maofanei© frrai i t . 
3. Open o i t worltint* 
4« Unl^Mrgro^nd ninJUig* 
2%i JPndie iQOst of t}i« manganesQ or®a a£« «3toavatod 
t ^ l^e oi»en cast wowkim bat i n ShiijTajpttr ai»a t t i i r d a i ^ 
i^ar th fflfttlioai i»e# upm «mt norkii^jf and ttaawrground mining 
ar« appliad tO' ex<sair«ta tl«6 manganeiafi ors« 
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COIIDItXOi^ WfeRRAHYlRg OPER Cl?T WORK 
tinie method i«e» 'op^n cut stinltig ie applied to «xcavat« 
those ores sua inlri«relB «hich occur near th© surface or at a 
eonsiderabie depth, justifyiag technologicaliy e» weXl as 
economically^ IKie ore deposits laay occur horisontally or at 
any angle to the horizontal* 
M>^ C^TAG3S,„ OP „0^.^ C^Hmm^ 
I* SJOV mining cost &t sihalloif deptlt» 
2* Zt can b@ easily eupsrviaact« 
3 , Sufficient a i r and l igh t present* 
4«, Safe wording • 
S. Ho tii!ift}ering» 
6t t4aB8 ase of escplusive^ can be done. 
7* tiarge nuinber ot unskilled i©bo«rs can work» 
8« Every pound ot cuirketeble ore can b© extracted* 
®# High production ot voricer a t the eerly «taf«e« 
nmmviMTsmts OF QPhs^ cm mmm 
i , i^rkers aro exposed to heat# cold an^ rainy wea^t«r« 
2» Mia water direct ly gets into the mines and for big 
©5Q>oeure© pt^rcolation i© heevy. 
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3* Aceosding t^, thm th&clmess o£ the ore l>ody open cut 
Motkitig vfill ha^e liiaitatioio of d«pth ttma a» eeonooie 
point of view* 
4» pQfiiiQr plants ere divided Into many units» 
S* mmsivul oi latgm mmmt o£ ovast)urd«ii» 
3o 
mhPTBu « w 
m^ims OF amHwrnt kmmsis 
"mm latthoSs for clieraical anali?^!® ©f s i l ica te roc^s by 
prepariiii.solBtiottB, «^J?<B gi^ftti \!fi Shapiro ai^ Braisaioas U^St)f 
revised i» 1962# i« ado»t@d ^te lay th© author, 
f*fo typ9B of »0lutldn0 *ft* aofi •B* iKsre prepared to 
analy®© the seniles pmiaer©^ 300-400 iaish» Major arti trac© 
el«ii©8tii «©«re a©t»ij:Ri4e^ «S with t l ^ help of solution A ©IM3 
solution B r©si>ecttv®ly« Tim eh#mic©l aifislfslii «at« sr« 
glvea in Tafei«S'*12 & %Zt» 
Solution /* 1» vMwA to d«t@rrdBa silSc© (slOgJ 
aad ©iamifia (Al^ Q^^* '^^ loll©M,tn§ procedcir© is adopt©a 
ift the preparatlef* ©S 9©l*4ti<Mi A* 
l . Cleuft SO e*c#. aiefeel erttclhl* with ml (1 t IJ and 
rlifise tharaughly with distlllecS israt^r* Place S ml, 
p<^rtl«R of 30% H»OH soltttlena 4m a lilckel eruelble, 
and evsporat® to drycess* 
iO 
2* i-leight 0«l gram of floe sample povder and transfer it 
to a Bickl© cn!3Cibl«i containing 10»S.6 pellets of SaOH* 
3t Place the crucible * covered, on a bunsen bomer and heat 
it at a dull redness £or about 5 minutes* Remove it 
front the heet# and alXoif to cool down at room 
te!if»erature« 
4. Add about SO ml* of water to each crucible and allo«r 
to stand* covered overnight. 
5, Transfer the contents of each crucible to 500 ml» 
beaker (rinsed) with the help of policenten* Add 
20 ml HCl Cl I I) ^  5 ml, of aguaregie. 
6# Place the; bealsor on a hot plate asid boil the solution 
for ten minutes or till a clear solution is obtained» 
7, Transfer tlie solution o£ the beaker to one litre 
\roluKOt;ric flask (rinsed with * i X KCl and water}* 
Dilute each solution to the mark, mix well and 
transfer into plastic bottles to avoid the 
contamination* 
In the saiae way the sta»3ard solution and blank 
solution are prepared* 
PREPARATION Qg SOLUfXOM 'D* 
Solution B is used in the determination of total iron 
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aan^les are digested on the steam bath overnight with a 
mixture of Wt H2S0^ and HNO3 in the piatinnm crucible £or 
the preparation of solution B. Trace eiements (!Ji# Eb# Zn, 
CUf CTf Co) are also determined 1^ solution B« 
PRGCEPURE 
1. 1/teight 0»5 gm o£ fine povrdered sait^ le^  transfer it 
to a platinum crucible (rinsed>« 
2, Add 15 ml* of acid mixture which is prepared by 
mixing one pound hydroflouric acid (40%) 165 ml, 
of concentric H-SO^ and 40 ml* of concentric HNO^, 
swirl to wet the sample powder• 
3« Place the crucible^ covered, on the steam bath and 
allow to heat overnight. 
4» Remove the cover and continue to heat the crucible 
on steam bath for about one hour or until the acid 
£uams are no longer given off* 
5, Transfer the contents of the crucible to 400 ml» 
beakers (rinsed) using minimum water• 
6, Place the beaker on a hot plate ana heat until fumes 
of SOJ have stopped coming off, 
7* Add about four drops of perchloric acid and nitric 
acid mixture (100 !id»# HCIO^, 72% 4- 100 ml, HNOj) in 
each beaker. Allow to heat until strong fumes evolve 
and colour if any, disappears. 
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0. Remove the beaJastr from hot plate and add about 225 ml« 
of wator, 5 ml* of eonceotrated HKOj aitd i ml* of 
hy&xsiZitw oulphat© solution (0#2%)* 
9, noplace the beaker on the hot plate end heat it to 
boil. If the brown precipitate of f^ nOg remcins, add 
1 ml» of hydrazine sulphate and boil for few mintites# 
10, Remove the beaker from hot plate and allow to cool 
at room temperature, transfer to 2S0 ml, volumetric 
flask# dilute the volume^ mix well awl lastly transfer 
to plastic bottles. 
DEISRMIHA'i^ IOH OF VARIOUS COMSTITUEaTS 
Alumina CAI^O*) and silica (3102) are determined with 
the help of solution A only* Solution B is used to determine 
total iron (FeO + ^2*^3^' ^ ° ' ^ ^^2* ^2^5* ^ ®°' ^^* ^'^* 
Ha^O en^ trace eieinents as Pb, Zn, Cu, Cr, Co* Hi# 
Some major oxides such as SiO** Al.O«y ^«2^3 ^*^®* 
iron), m®, TiOg and P^Og are detormined by the Beckman 
DU"-2 spectrophotometer by developing coloured ions of the 
rospectivo elements and nieasuriag their percent transmission 
on tho ©elected wave lengths using the reagent blank solution 
as the reference* Readings for percent transmission are 
converted to absorbance, iwing the table, then calculate 
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the percentage M the eleioents present in the sacrples with 
the help of formulcie. Different reagents are used for 
different elements. 
WAVE LESGTHS OP THE EllBMBNTS 
•^  
SiOg 
AigOj 
TiOg 
MnO 
(total iron) 
PgOg 
Wave lonofth 
640 ip 
675 asjx 
630 nga 
525 Ttsp. 
560 np 
420 iT9i 
Silt width 
0.X2 
0,09 
0*09 
0.14 
0*14 
oai 
Colour 
red sensitivity 
blue sensitivity 
blue sensitivity 
blue sensitivity 
blue sensitivity 
blue sensitivity 
Ha^O and K^O are aetermined by the flan® photometer. 
A dilution series for ioWlum end potassium of varying ranges 
(1*10%) has been used and the flam© photonteter has been set 
up in this range^ The percentage of WsgO and K^O ia detejrmined 
by plotting the galvanometer readings vs* dilution series 
percent on a graph paper• 
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OalciuiB (CaO) atai raagiiesluni |MgO) ar® determinedi hy 
the volwraetric titration method given by Pro£# R»C« Slnha 
(1973)^ using aolotion B* Solution B vith reagents Is titrated 
with EBYA with constant stirring until the colour changes* 
using *Erichrowe black T* as indicator* The total ealoitua 
plus loagnesium and magnesium alone af« determined volunntt* 
rically* With the help o£ £orniul3e» percentage o£ calcium 
and njagnesium is calculated* 
l?race el<&m@ntst vis* Hi* Oxt Pb, 2Xi» Cr^ Co« i#ere 
determined by Atomic Absorption Spectrophotometer (Perlcin 
Cliner) £rom *6* solution* 
Total water (HgO"*") content is determined by taking 
0*5 gia. of the sample powder in a eix inch long tube of 
hard glass, clo»ed at one end with a bulb blown there* 
The weighed aatcDle is transferred inside the \M%h by means 
o£ a thin atrip ot glaxed paper* the saiaple is heated to 
red heat for half an hour and the loss of ignition i^ ' 
K«igh*d» The difference gives the weight of total water* 
A fresh tube is u s ^ for each san^le* 
4-t 
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S^ TEOIiOQ? 
th« Aravalii myatmmt having arana(saotia# argiliaeaoiis »n& 
ealcairaoua oonpoiitiima* ttiasa su i t* of roeie ara aligHtly 
R^tamdrphosed and hlghlj^ 'idiatiurbad i^m* irary taoch fol iatad 
and fraistiired Ixst no avidanca of mof fault in tha area i» 
foand* 
Tha rock aanfpiaa ara eol lactad from Shivirajpur and 
adjacent araaa atudied uodair eiicroaoapat showiiig diffarant 
tvpoa of taxtura and atimctettra indicating tlia low grada 
raatamoxpliiatt of tha oiataaeditaanta* whieh ia dacribad aa 
foiioim;-
l^ ia highly diaturbad and fraetiifad conditions of 
thasa quart^itea ara i#el3L ehaJractariaad hf %ihita vain^ 
quarts in the cfacka or jointa« having variabia thicknaaa* 
Qiiartaitea ara fina to oiadiuii grainadt having trhita, grey 
and broim eoiouTi ganarally intarealatad *fith tha phyilitaa 
ifhich ara roanganifaroua* 
4^ 
tli@ nticri»£ic<n;>ic oseamliietioii »hmm that tli* ^arteites 
eotmiat of quarts* orthoelaao aa doisifiatad minaral and pfiroxeiie^ 
Kircoiif «oi3iriaal.ine« nrnaeovltat ehlorita# serii3ita# apatite* 
magnatitot apid^w aa aceaaaory having diffarent typaa of 
texture and attfttetiira* On the baaia o£ minarai eot^»«»ition« 
texture and atrueture ^artait« of the area can be elaaaifiad 
in t%io groups « 
|« &rthog[uartzita 
a« Phyilitic quartsite 
Ttm aaspiea eoilected fr^ m Bhat village, ara grayiah 
in colour and thiekly bedded* they are ttt» to madittia grained* 
having ^arta and orthoelaaa and doiiiinating fDinaral* t!he rock 
ia £ina grained and e^granuiar« ahoving granoblattie texture 
(PI« IXi« fig* 2)» 
Quarts graina are auMiedral to aAhedra l^* S«w graina 
ahowing ui^ulose extinction* Unduloae extinction of quartsi. 
auggeata that i t may be aubjacted to the eataciaatie 
roatamocphism. %e boundaries of the quarts are aurroundad 
by ferroganoua fsatarial of yailotriah brotm coiourt Riay be 
limonitio {Pl# III, yig» 2)« Soma quarts grains ara replaeed 
by theae farrogenoua matarial* Soma quarts graina having 
incluaiono of the apatite and aatallic opaque ainerala which 
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iMir ise twiaatite or mmgmtitm* these inelitsioat «x« eonaioa in 
ifQtii qttsrtis m^ ortliQeliuio* Ooarts also showing irvsy t«w 
m&n^sxmn^ infilnBitm»» Perfect euhearal erytttal of 8iaiiganetlt« 
i9 also seen in the aiide (PX« X# fig* 3K 
Orthoelase/having aaioa grain size as quarter ereatea 
difficulty to differentiation betireen gnssta and orthoeiase 
due to the lack of twinningt in^rfeot cleavages which are in 
traces* 9mf grains of orl^ioclase showing carlsbad titimiing* 
raw grains of orthoelas© associated with the tiiacgei^se cure in 
the form of siaall inoliasiiliui* grthdolase grains are aithhedral 
to aiOiedralf showing loir relief, having interference eoloar of 
grey and white of the first order and the maxiimin a l i t t l e 
loiter than the quarts present in the same slide* 
zircon* tounsalinet lioseovite, magnetitOt lins^nite 
are accessory siiiwrals tjhich are present in the rock* 
SotdSifhere oiicrocline and garnet are also present in soias 
slides. Apatites and epidote are also pr99Bnt as accessory 
siineralf-
Oetrital quarts grains,surrounded b!f the iron oxide 
rim^ show undulose extinction, well differentiated tsf the 
recrystallised quarts graint showing the low grade wstarwrphism 
because undulose extinction shows that t!w» groin nwst :have 
gone under toioe strain, i#e. alighUr cataclastie sietamorphiSBu 
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2* PKJfUrJTIC QUARTZIfE 
m ^ seniles* eoI3i«et9d fr^m B«poti«# «re fin* gr«in«d# 
•howiisg phjfilitie »txuetiii« im& mamist of l,aing«ly of quartZf 
aisscotrlt«» with somt feidspar and totungaXliitt* 
Qucrts is pc»s«iit fts stibroufiiSed to rotind«d or irregular 
graina o£ nearly aniiorm dimenaion forioing an •<{uigraisiiliir 
moBsnlc* reld«par# both mieroeline and plagioeia8e« is found 
aa saalX grains uniiomaily districted and ia uaaaily fresh. 
mseovite occurs aa elongated f lalcea* 
h au^rdinate air^ mit of biotite is also present* 
Tounaaline is found as short prisias of grains in irarying 
proportions onifomiably distributed or forming eiusttrs* 
Sonw sections show only quarts and tourmaline« nearly in 
equal proportion* with or without amall amount of rsuseovite 
CFl* It Pig* ! ) • Magnetite ai^ apatite are usual aecsessoriea* 
Soi»e epidote l» also found in the inore feldspathic typm^ 8&m 
quarts grains showing undulote extinoticm and elongation* Slide 
ia showing interlocking tmcture (Pl« ttt fig* 31* 
Xn few thl4!i sections # irregular patches of manganese 
ore preesntt it may be pyrolusit©» fhese patches are replacing 
the Uiaonite as well as quarts grains* At soma places quarts 
grains are present in the inatrix of nanganese ore. 
In a section, perfect loanganese twin i» pfsmt 
{PU X« Fig% 2}, Xn this vein quarts grains are elongated# 
showing a clear repiaceiuent of quarts grain tff the sianganese 
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fiiati»jrie3L# 991W «pid^te ar« eito sar«8«iit in this ir«iii« 
Charts g^Qlnsg mitsiAm ^» v«in# «ir« showifig int«r2ocMn9 
t«x^re« As m nfiole this aiido thoving voimd t«3etur«» 
Hmt9V<BSf the minvrai ^^tmmitimi, t«xtor« aivS struefur* 
o£ the roek# shoir that tha ffocic mat ^ atibjaetad to the ioir 
grade of mataim r^phism of regional t^ p^a^  and ai^o itidieata that 
i t may baXong to tha gxeen achiat facias* 
m» ph^llitas are ^narall^ darH gray in «oi9yur# tha 
rock vairiea in har^nesa and £lssiiit^« Tha phrilitic formation 
is dharaetarisad b^ r foliatimi and by i ts aoftnasa* Thin 
inteircaiatoiry quartaitic bands often stiffan tha ph^rllites 
bs'oisght 1^ tho inteuaion vains of whita quarts* Gat^ U'alXiri 
hOitmmt:, tha phjflXitea crunibXa raadiXy under tha attack of 
tfaatharing agenciaa end are vary prone to Xia bnrriad undar 
the dabria darived from thair oun diatotagration* fha aanpXaa 
of phyXXita eoXXaeted naar Shiirraipur area %r» fina grained* 
aaaociated with isanganaaa ora« tha eoXoor variaa within 
difforant ahadaa of gray tn aceoont of diffaring aiaotsnta of 
biotita^usuaiXf praaant* 
tmdar tha microacc^ pa^  tha rock ahowa patihaa of 
biotita^ orthocXasa CaXterad^ # quarts* isuacovita aa dooiinating 
minaraXa* Oari^t« tiositef epidotet aarieite# chXorita»)eyanita« 
4o 
pat€!ti«8 o£ ttm Rta${i«t;it« iairier«is« At £@w pXaCes Itttlieo of 
plagiooia»» smi preswnt* Hanganed^ i8iti«ral» are a l io pttmmnt 
fts tine ineXusions in ttm quarts andi osrt^oclaaa eti^ aointifhara 
ara irsplaeing tham* 
flia arrttngafflaiit of flaley and other minof^la ahoif 
slightly aehistoaa atroet^sa at »otm placaa in the sXtCims^ 
but f^tmit»Xlf ahoifittg i^jragular anrangataant# ao IM^ can not 
•ar 89hiat« i t ii^ ir ^ aani«»achi9l:* Slide ahoiriag pozphirro* 
tola^tie texture CPl« £« t ig * i ) . orthoclaae ana quarts ara 
preaant as a s»«>rpli^ ra3)la«t in tha gj^unS maaa o£ tha biot i tai 
aitiacoirita^ quarttf gamat* aerieite, toureialina^ msA ^p'id&te* 
l^tc^aa of l i iotita aliovisf floir BXmug tha orthoolaaa 
and quarts and plaoohroiam* Chlorita ia alao praaant* fm 
alongatad oriratal of cteltarita iihieli ia liant C^l* tttg f ig * it, 
orthoolaaa ia m r r masStk frasturad and altarad* Hanganeae 
aol»tiona ara rii|»laoing ^m orthoelaaa ^uroagh tua ff^ Ksttsraa 
end elaairagaa CFl* tX* S i^g* i K At soeia pla<Ma ortHoelaaa ia 
a l tor i i^ into aieroolina whioh ia aHoiring fjolyaynthetio 
tirinning (Fl* S« fig« %K Orthoelaaa goraina ara snbhadral^ 
aubroandedt fracitisrad aloi^ tfie elaoiraga plana* naatl^ graina 
of ondio<:laaa Itairing issnganaae inoluaioi^p 
Qsiarta graina of tan rolled out along tlia foltaticm 
atrika of tha utioacNiotia oonatituanta* ahowing isnduloaa 
axtittcti«ai Ct l . tU, f i g . %U 8mm quarts graina ara broken 
into angular fragawnta (Pl« ttl^ fig« S),aurroiindad fcy tha 
aaoonda«y raersratalliaad quarta graina ( f l * X l , t i g * 2}* At 
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»Gm» placet th« ^roani tmsB of tti* ^«irts •h&tfitig grfiiiiiiar 
stin2ctt£r«« Thft gsrott crsr»tal« are raggod In outllno and 
eontein iMommveiblm qimieti* inclusi<m»» Mleroseopie «oaa of 
touim^lina haire baen obaarvad in fair abnndanea* »a9f»tite 
ia praaeat in auboxdinata qtiantitr* Plagioelaaa latha ara 
alao praaant with tha raanganaaa imtlnaiona* 
their eony^aitioiia indicate that tlia^ r ware eriginaiXy 
typieaX ar^iilaoeotta roelss^ t\my retain the original sediiaantary 
lamination CPI» tt^ fig* 2^ ^ «onsiat of a granoblaatio 
aggregated o£ <3ptarta# orthoclaae^ garnet* biotite and trntaeovitOt 
with occasional andaluaite or aillinuunite^ and represent fine-
grained feldapathieed ahalea* 
the rocica ahoir a low grade of fsetamorphiam than achiat 
and gneiss* fernior (193$) named^ aa epi*niata«!xorphio» Moirever» 
the eibave eompoaitiona and charactera of the rock majr belong 
to the green achiat faeiea and tmf be atibjected to the regional 
dynamotlMncial fsataaioi^ hiaia* 
Wm limaatone of the area belongs to the impsre 
Aravalli iiorestone* fhe aas^lea collected fron Bamanlmaf 
are fine grained^ cosset , highly ailliceous'and varyingly 
ferruginous« the ferruginous isineral being linonite* Idmaatone 
often with pyrites, also having argillaceous impiiritiea* On 
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temnh fipectare tit* irocic dhows a tmtt or ©rey ltit«rior« Tim 
ii«atti«r«d ont^topB ax» dark brown* ttie rook ia irrafularliT 
fraetixred atrS crack«a« Traeaa oi vainlata of aaeoDAarsr 
aiXicaoaa aatariala ara aaaii in irragoXar raniiCleatiOBa 
ataadin? out on Ktaatharaa sorfaeea of tha aucti fraotorad 
li{oeatona« THm limastone ahowln^ ntora or lesa dolotoitie in 
coio^oaition dye to tha £arro»ma9naaiu!B miitarals of eaeliofiata* 
Kieroaeopic axaatnatioa ahowa that tfm domifiatii^ 
mlReraia ara eaieita# dolomitat chlorita# quarts m»& ^xmmlitmt 
piadmofitita, aeapollta« ortnocleae^ tatxeita^ aariclta# i^idote# 
aphane in addition to ep&epim «r« minarala ara praaant as 
aoceasoriea* Oar^rall^ o^ aqoa minarala ara pyrita* Slida 
BtMf Bhomt a<;p2i9ramULar fina to madiam ^rainad «ith a 
granobiastic texture* 
Caieita allowing high raliaf varying with tha directiona* 
The grains of eftleita ara ganaraXIy anhedrai* tntarfaranoa 
colour ia gray to white of higher order* In some grains 
poiyaynthatie twinning praaent hut gaaaraily twinning abaantfSKowiVs 
ayimnatrical asctinotion* Holomite alao having varying relief 
and polyaynthatio twinning hut tha iantaXiae are thi^« 
0oXc8aite graina tixm generally aubhadral* 
Quarta graina are anhedral« few graina ahowing undulose 
extinction* feldaparif which are in ac^ s^aorfes, acat^ered ar^ 
aoiaeirfwira pfttmrnm cryat^l ie praseftt,«diii<^ i i aobheNSral JQM 
tabular. Pyrite erytala 9Jee perfect eohedral and acme a»t 
anhedralf praaent in aubordinate quantity* 
4^ 
The limestone iji f»»t Bhomtt^ an^ fossil or fossil 
tx»emBm This l& unfossiliferrous Ii(«sstone o£ Pretstaeibttmft 
ago» Hinoiral (?o.-Tpositiofi ehovs that the rocsH ia sttbiaoted 
to the lo«f grade resioiial mitaioorphiam* Xt taay be^that th«ra 
wero ifi^ piir«» ealeax^oas eeditotnts trhich have baen nsetaiiiorphos^ 
without tmch addition of laatarial* 'Sim mineral cofo^oaition 
and the grade Q£ vmt&mspHism auggeat that the roole may 
belong to the grean achiat faoies* 
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OUPTBR m VI 
Manganese is# next to titaniuiB^ the most etmnAant emoim 
the trac^ elesenta £<mnd in igneoiss eockBm It i s gencraily 
found in ffietaitiorphic ai^ seainientary roeXs* I t i s also present 
in plants and anJUaais« Manganese i s placed next to the Fe«Co<»lli 
t r i ad ai^ t>eion9s to siu2^roap VII»B of the modem {^riodic taibie 
having atomic mright 54»93« atoiaie nusiber 2Sf ineiting point 
ItZdO^C and boiling point 1«900^C» i]^ehnetium (fortMirly called 
masuriuffi) aM i^aniisnv tli^ two ra re reclining elements o£ t h i s 
group were disco^rered hf lloddaele <i925>« 
I t ia oloael]^ related t o iron in i t s chemical properties 
and i s a mec^ >er of the iron family (@oldsehmidt# 1929 )# or 
ferridea (Ziandergreni 1943 K Confounds of manganese ore was 
known since the aneient titiws* Oahu C1774) extracted for the 
f i r s t time metall ic manganese oxide with caJ!l!>on* John (1307) 
obtained a pure sample of manganese ore« Reseii^lence of 
manganese w i ^ halogens which const i tute subgroup VII«A of the 
modem periodic table i s limited to the i r heptoxlde (ifn^ OM and 
CljO^) and peracide* permanganic acid* and perchloric acid, 
permanganates> are ax»logous to perchlorates (••g« RC10-). 
Xt is concentrated tn th« si l icate ^ s s * of the witaoirites and 
in the iithosphere* Zn the uj^ per lit^otphem tsanganeee is 
oacfphiUt hairing soae (^aleophile tendencF but not eidevophile« 
Soidec^uaidt (1937> told the ratio betneen the manganese content 
of the silicate audi zaetal phases of the insteorites is ahout 9 i i« 
In th® solar attaosphere the aly^ ndance of isanganese i s relatively 
high* Mith reference to i t s terrestrial occurrence^ nsnganese 
also possesses a distinct M^hile tendency* 
Oenerally manganese in mineral strttctiire occurs in three 
statest naraelyt ]E»i-Talent# tri^valent* anai quardri^valent 
positive ions* In igneous roeks# mang«sese usually occurs as 
Wi^ ^ '^^  because o£ the loir rate of redox potential of natural 
silicates ftielts* barely tri^valont manganese also occurs in 
igneous rocks« llsuallyt gu*dri«»val«nt ssanganese doRiinates in 
the sedinent and seditaentary rocks* 
txi the present study# the author has tried to find out 
and to estahlish the relation* if any« between the taanganese 
oitides and t^e major oxides* respectively* flie percentage of 
various siajor oxides of aei^ ganifercms fnttasediinents of 
Shivrejpur are given in fid3l««XI* to show the frequency 
distribution of the various major oxides and trace elements* 
determined by the geochenical analysis * SiO^ *^ ^^2^3* ^^' ^^* 
CaO* TiO *^ %&^» fC^O* P^ Os' ^2^^ (total water) and '•2^3 
(total iron) as loajor oxides and Pb* Zsi$ Cu# Cr* Ri« Co as 
trace eleiaents (in pym) i s shown by plotting the histograms* 
noreover# to establish the relationship between the 
vaxiwm taajor oxides of i!ii^gaiii€«rroui nmtatiKlisiiints of 
ShivrQJ|mr« eorr«lation <:»o££lei«iit i» also 4«t«ratini»d hst 
PISfRIBUTIOH OF Hft«yOII OXIDSS 
SXtiZCA 
7li« <|tt«fititiitiir« ¥«iri«tion timm of si l ie«# in the 
raiutgaiiiferoas tmtm»9dlB»n%B of Shimrajinur* ranges from 
20»34 to 87«07 ^reent (tiiiie«ir) wi«|| a lotan Value of 
41*S34 percent while the standard deviation of s i l i ca 
i s foand to h» 23«3S Cfabi««VII)« fhe histogram represents 
f reqiiaeney percent distritmtion* showing tmieiodal nature of 
s i l i c a and i t i s stronglf positively sfceiied* IRie nnxinan 
freq[uenc3r percent of s i l i ca l i e s betveen 20 to 38 percent 
class (Fig* H*%U 
fkwmm 
Alivoina in the nanganif erotis inetasedinsnts ranges 
frosi 4»16 to as,43 percent C7el>le»V) with a siean value of 
14*727 percent and standard deviation of alumina i s found 
5o» 
to tm 6*66 C¥abl**VIZh The hlatograoi impircsonts txfgmtmf 
percent di8tribttti<Hi# showing blmodai aet i^re of aliunifia and 
the fliaxlintim igmqummsy peroint l ies between 2^ to $5 pez^ mnt 
class iWigm H»%U 
Lzm 
Caleitiai oxide dhows « tendency toward* positive slcewnese 
where i^e raasiiinsm frequency percent l ies between 10 to 13 
percent ea shown b7 the hietograni (iig* HoilK Calcittm oxide 
ranges frosi I•41 to 4l#3d percent 7^0ble«V> with a neaa value 
of i4*i# percent eM the value of standard deviation is I4«0i 
(Table»VXX)« 
mm (FeO 4- Fe^ O )^ 
FejOi (total iron) shows a unitnodsl distribution ti^ ere 
the maxifnua fre<iuenqf percent lies between S to 6 percent as 
shown by the histogran (Fig« ii»3}« Iron ranges fro» 1*89 
percent to 8,17 pereont (Table«V) with a ciean value of 
§•44 percent and the valt» <>f standard deviation is 1*49 
(table*VZZh 
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MMIQASESE 
file quantittttiiNi ir«rifttioii tr*!^ of i«angan«9« oxid* in 
the memgmitmrcsao trntemedismnta of t^e ftir»a cangea from 0*15 
to S0«83 pareent if«ibl«>»Vl« fHa histogram capfasanta f m ^ a s o y 
paircent diatribution and indieataa ttnieiodal stature of mO 
(f ig* }i»4K "Kia staxioia ia at 0»0 to l,»0 pareent olaaa ana 
t j^ioal s»da of MnO also l iaa in the aaiae c lass* Zta toaan 
falfia i s 2*97 {wroeiit and the value of atandard deviation 
i s found to be 3*56 (Tal»la«VXZK 
SODIUM 
Sodium <»cida i n the laanoanif arous mtaaadiaants of 
the investigated area ia fairier ion and ahowa a tondanosr 
towarda nagatimi alcaimaaa whareaa the maxiiRim fraquenc]^ 
percent Hem iMitwaan 0>8 to i#6 sMireant# 3*2 to 4*6 percent 
aB4 4*8 to S*6 parcentf elaaaes* a« indicatad hf the hiatogram 
<7ig« ii»S)« iVa^ O rangaa from 0*81 $mrmnt t o 6#72 parcent 
(fobla^V) with a man valua of 3«S2 parcent and the value 
of atandard deviation i s found t o be i*SI CTabia«»VZZ)» 
l u 
P09A88I0H 
I>otassiii» oxid* irari«s i<i i t s p«re«int aistritDation and 
i t Bhmm a tendcne; tmtaipa* negative akewieet and the faaxiinstR 
frequent peircent iiea bet«reeii 9 to 10 percent eiass a« 
indicate hf the hietogren iwiqm !!»$)• KjjO jrangee tx^m 2«ia 
percent to I.0.34 perient Cfal»le«»V} n i ^ e tman irelne of 6«I5 
percent moA tha talne of standard deiriation ie foni^ to be 
3,i4 (Tabie^VXZ). 
Hagnesia ia found to be variable in ita percent 
dietrilmtion and the inasinntt frequency percent Xiee between 
6 to 7 percent elaaa at indicated by the hietograit (fig» tl*7>« 
MgO ranges frc»» 0*2$ percent to i0»8i percent (fable^V) vith 
e mean value of $*i4 percent ai^ l^ ie value of standard 
deviation i s found to be 3*34 (7able«»vzf)« 
Tmmmn 
fitanius shows a tendency towards positive skewness 
iffhere the aamimm freqaei»y percent lies between 0,2 to 0*4 
percent class as shown by the histograia (Fig« l}«8)« m O « 
i Q 
ranges tmm 0,26 {Mireeat to 3,38 p«rc«ii% {i»iibl«*V) itith a mmm 
of 
valvm of 0«93 p«in5«nt and tti« walutt/ttcndard deviation i^s 0,69 
(¥able*VSZ}« 
Flioaphorotts i« low in the s^ngattiferoti* mttaa^diflients of 
the urea iihich ahows a tandenev toirarda poaitiva aka«niaaa and 
the meximira ftaqixanoy pageant liaa batiiaaii 0«t to 0«4 parcent 
and i«0 to i#i pareaat e2ai»as em isdicatad lofst the histogran 
(Fig* Bm9}» ^2% ifeng«ft fc^ oo 0»IS to 1*05 iMisoent C9abS.a*V) 
vitti a mean iralua of O.id pareaat wnA tfm iraiua of ataiulacd 
davi^^ion ia found to ba 0«3| (fal>le«VSZU 
Coaft>ined water (loaa of ignitioi) shona toimodai natura 
as indieat^ 1^ the hiatograat (fig* f^tfi} and the naseiaiB!! 
fraquancy pareent liaa batnaan 4*8 to 5«i pareant and 7*3 to 
8*0 percent elaaa* H^ O'*' ran?** fron t«$2 to 7*6$ pareant 
(Tabla«v) with a maan iraiua of 5*003 pareant and tha iraitia 
of atandard deviation ia foand to be 1*819 (TablaM.viac}* 
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HimiAL mu><tt0mHtp OF TUB smnwtchm mwEB. nwm tm mno 
ttm coyroXfttion etmiileiemt (r •» «0w4$2) of s i l ica is 
stroti^ir nftfatiire i««« iDSAfafidse and sil ica iur« iaveraelf 
pMw^rtlmml to ®«eh 9tl»ir iitiieh smmm tliat t^i^ tliS' ifiereas# 
of ioaiifaiiesa timstm is a ilm&smmsm ia tfia siiioa eontant aai 
viea- i^mrsa as indicated b|f tha diagri^ Cfig* 0»l)* 
Xt# %li«'i»f oro# appsars tliat s i l iee i s not jraiatad wi^ 
H»0» i ^ s fiagati^a jralaticmship of silioa with maagaiifisa 
pmhsiily indioatas t ^ t maiiganaae i s tlia siildstititte of 6iliea# 
ttia variable lem ai^ higii coneestratiofi of si i ioa in tha 
fflangsoifarous oistasadi^ents is the «^ riddt$t of this« fhis 
ralationsHip of mQ trittt si l ioa is possibly 4um to tha 
altaration of msBfaitasa baariaf mifiarals hf s i l iesta aiinarais« 
Tim nsfativa ralatiofi betvaan SiO^ W3A mtO i s apparent 
tlioiifh i t i s difficult to dafifte thai? relationaliip osr^lioitly 
beoaissa th@ sotiree of si l ica tmf ba niofa than one io ^ e case 
of t^a omt deposits* misemew$ timir possible ^relationship 
€BXk aot be gensralieed twm t^e above: i?elatio& for the 
deposits unless t^e si l ica content Jbn t\m dongue and ore 
ininerals of 'manganese mm separately determiaed* 
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hwmm V3« MJUSQASESE 
'Om cotxmlmtim coefficient (r •• -.©•172) between 
loaiigeiieee end elumina is iiegativet thm Xlimwe reletionstiip 
between aangeneee and altimina ie (Segi^ ietifeted giesphiGQllt 
(Fig* 0«»2K fhere ie an imxmmm oi 9lwalm w^th the deereaee 
of menganeee and viee^verea* 
It« therefore^ appeara that Al^ S^ ^ '^^ ^ related witb 
HnO and atiomi inaignifieent irelationsliip* The higher aiufiiina 
content in the ore may be to i t s ayngenetie aeaoeiatictk with 
the ainisina rich host rocica like phyllitea and related rocks 
XROli VS. mSQAHESE 
A eignifleant poaltlire correlation coefficient ia 
noticed between sunfiganeae and iro»« (r> » 0«0557« Iron ia 
directly proportional to the iiianganese« i«e« iron inereasea 
with tihe increase of {nanganeae and vice«*ir«reaf aa indicated 
by the diagram (fig. 0*3)« 
tn colloidal solntion containing ferric and nianganic 
hydroxide i s bronght into contact with an electrolyte^ ^le 
a^aration of the two laetals, according to Behrend (1924 K 
starts with coagulation of the bullc of manganic hydroeide^ 
i^ile iron e t l l l remains, largely or entirely* in solution. 
Behrend*a laboratory ei^ periments showed that the addition of 
I . i9 
ol«ctrol^t*s to «dl,utioti9 contelnlng an wtcmaB of ifoa over 
muisanes* dlimys caused tt^ i«paration of a ndxtac'e o£ tha 
HydUroxidas rieh iti masi^ aaasa tivat, followad latar bsr a great 
qaantity o£ an iron rii&i aiixtura of the t^roycidea* 
h iitak naf atiire eocralation eoaf fioiant la notiead 
betnaan aodiiua and atanganase^  (r) « •*0ii2i2# Both aai^anaaa 
and aodiiais aiee invaraaJiy proportional to aacli othar^that ia^ 
with tha ineraaaa of manganaaa content there ia a irery alight 
deereaae in the aoditta and iriee*veraa^%fhioh ia oiear bjr the 
graj^ CFig* 0«^)« Zt« therefore* appears that a^jO is aiid^tiy 
related with Ma0« 
Potaaaitiai ahova inaignifioant i^gatiire eosTelati(»i 
eoaifieiant with aianganeae, i»e» <r} • «0*064* K^O imareaaea 
with deoraaae of mQ and irioe*ver8a» aa ahown lyy graph 
(Fig* 0»5)« 
a? 
Aa for^the alkaliea are coneeriMd* K^O ia higher in 
the mai^aniferoua raetaaediments* Aeeording to HUMierjee 
(19ilJ the aourea of alkalies in the ore ia rather puaaling. 
6U 
^ e maia wpply of allealie» pcobably came fifo© th* Intamsiiwi 
Igneous irocks that brooght about aona ehtsiieal alteration of 
tha ores* JUtiotheir probablo source Rti^it ba tha quarts tri^ 
i ta mtmaroua fJLuia incloaiona. 
Manganesa oxlda showa a iiatk oa^atlvc eorralation 
coefficient with calcitiis oxide, <r| • *0»I8S i^ich itidiefttea 
an iniNurae reiationahip* Xt meana that with the increase of 
manganese there i s a decrease in caiciitm or liate content and 
iriee«i?er8a as ahotm by the graph (fig* Qm$U T 
^ e apessertite irariet]^ of garnet occurring in phyllitea 
and guartaites contains CaO and MgO in the R"0 group* fhe 
aromint of CaO i s found to be greates; than ifgO in the Oiasipaner 
series of rocica aa ehown tug the fabie»xi« 
PHOSWIOROUS VS. HA^ SAtSISE 
A significant p<»iitive correlation coefficient eseiats 
between the phosphorous and manganese* Both are dire^^y 
pr<^porUonal to each other, i,«, phosphorous increases with 
increase of nanganese^ (r • 0,562), es it is shown by the 
graph (Fig, e-7). 
Aeeos^ing to MiiJclMiri** (i9St) tfm •o«ire« of pho»p4ioroa» 
in the original aamganif•rou« roclei i» •p«tit» and «p»ft8«rtit«i 
whieli «r« 1 ^ eot&mn eosstilaitfit o£ tiM or** ««soei(tt«d vi«h 
ptiyllit«» and quar%«ifc«»fi «*•©»# B« «nd B»irgfir«it, «# (t9il) 
r»porfce« up to 4il« PgOg in •p«»8«jftite* fhe pjp«»«iKs« of 
ftpatit* in %i» host WGGMB indiofttts that tli«y «•«• •ttbJ«ot«l 
to mit^aorphiaoi in a lasaro hf«rou» ei«rironRiii»t a» alto cnggeatad 
137 Mitchoii ot* si* (1943) • 
NgrO ahomi slightly positive ralationship with mo, 
i*o» MgO is diffoetly pco^irtional to KnO and tha valua of 
eorralation eoafficiant it) m Otiati h linaai? smlationship 
i s asteblishad by plotting graph NgO vs* mO (Fig* 0«9)» 
Xt is olaaJT by tha linaar graph that inagnasivim is 
ineraasing with tl») ine»«asa in tRanganase though tha irata 
i s not significant and iriea*imrsa» 
h mtf insignifieant aagativa eoerolation eotff ieiant 
i s notiead betMean titanium and siangai^sa (r » -O^OTSI* A 
linaar Jralationship is astablishad graphioally (Fig# 0»I0)« 
fiOg inoraases with «>a daetaasa of mQ and vlca-^wrsa* Xt* 
tharaf ojra, TiO^ i s not ralatad wi«i tha «iO# 
6^ 
C(^»in«a water CHjO^ ) sftoirs iasioaificant posiUiw 
correlation co«i£i«iri«iit witii th« maagaiiea* Cr • O»0632}« 
9hiir€} i s an iiier«a»6 ia i#«t«r vlth tli« itier«e»e o£ nmngaiMifie 
contant and iriea«Yi»r@s« as ahoim by the aiagram (fig* 0*d)# 
RftiOcaiad eixl Sahama it9i9l obsarvadi that uoIiKe tha 
ferric hydro^ Eida^  whioh is able to rataiti a part of i t s 
hydroxyl groups* oiaiigaiiie hydroxide is aoon daoois^sad 
into the peroxidst MhOj and water and therefore peroxide 
i s the niost COEI«»»I and almndant of eonf^ ounds of manganese 
fouiKl in nature^ pyrolissita eontains 1*3 pereent H^ Q^  
pailoiaaiane 4m6 ^i^mnt* and irad ttp to 21 pereent* Most of 
water ia absorbed in the wad* Mangenoas hydroxidet UttCfMi).* 
like ferrous hydr<»cide# Fe(OH>^ # i s unstable and is converted 
into mCc»l)|# perh^s s t i l l more rapidly than FetOH}^  ^h^ 
Fe(C^)|l« 
{j.y 
TRACE nmmms 
s*b# Co* nit Ca# as^ C^f aJf» pw««nt#a In Tal>l««SIZ« Co and 
Cu are not da«ae%al>X« in tmi aaisplcs* 
QeocHesdeftliy laad is a ehaleophil« alaiaant exA mainly 
ocesira in the cax^nata and potaah feldspar* X«ead content of 
ihe laanganiteroua cattaaediiMinta of Shivrajpur ranges froia 4S 
to 440 pp»« (fabie»V2K 1^ « reiatiif^ diatributios of lead 
with naagaBeae i s presented in Figure G»ii« Histogram ia also 
plotted iiliich is shown in Figure H*i2» 
Zim (Zn) 
EilUic i s predominantly obalcophile elenent«geoe^emioall|r 
i t i s Mainly related with Mg^ * and CBJ^, ainc rmnge^ ieom 30 
to 4f0 ppm (faSalmmVZh 
fhe relative distribution of Za IB presented in 
Figare e»ia. According to lOrishna »ao Ci§59h «ie p^ rosenoe 
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of sine in tUm Riangan^ se ormB may hm di2» to absorption o£ 
thASQ •l«n«nt8 by <^ ^ «?«» *h» souirce odB sjlnc laay b« tpac«a 
to *i»^dat8 8«aiiMints* rich in nui»gan«s*« ^n^^ i s ^piae«d 
by m^ aasiiy <m account of thaijr idantical ionic iradii 
Ciiiee Bairry and Maaon# 1959K Histogram of Zn ia simm in 
Vigure HwiS* 
ZJZCKEIi (Hi) 
oeochasiicaiiy nickai is sideroi^ile eiaiiuE»nt and has 
traals; affinity for oxygen and tho hokXk of it is always 
associatad nith matailie tron* Hi ranges from SO to 270 ppm^ 
(table«VX}» 
A Miali positiva relationship beti«ean l^ i and MnO in 
tha raanganifarous rocHSf indicates an intiinata association 
of nicleia with isanganasa ora min«raXs« thQ lithophila 
tandency of Hi asipiains its occyrranee in braunitst ffowavart 
nickai ganaraiiy occurs am sulphide saggragations of 
pyrrbhtite^pantlandite groupt Tha relative distriimtion 
of Si with HnO is prasantad in Figura 0«43 and histogram 
is shown in Figtsra fl»l4« 
QOBM/S (C0> 
Cobalt is lass aiderophlla aiKl having waak affinity 
G«) 
for oxsrgoji dnm to %mieh it» iBifiot* ocmtmmm with %tm 
mamgmlfmtmB roeki of Sfiivrajpor. G«oeh«niicallf cobalt 
1» olo»«iy.;i«sJt«t*« to fiiokoi* Colwiit r»iig«» from 0,0 to 
185 »pD» Ctatel«-Vl)t ilittograBi i« ihown In figure B*15. ^ 
The relationahip of mafigen«»« with cobl«t i s positiiw 
but iBaigiiif leant, «» ahoirn in Fifftaro G-14. It ««y possibly 
auo to ttdBOi^tion of oobalt by aangantf «roii» w^i^e» beesaso 
dtiriiHi tho proooAS of ait«ratioii« oobait w«» liboratod from 
th« pr©-«xi#tiiig rock! and foirnwd colloidal hydrojiidtt which 
might have boen added to manganeee ores bjf circulatie^ 
solution (Kriahna Rao, 1939 aod yarmor* 1909). 
COPPER (Cll) 
Copper is a strong chalcophile elaiMiiit and tmitily 
ttoetira in sulphide state* Ssiall amount of copper have alto 
been reported ffosi carbonate and a i l i ^ t e phase* Copper 
ranges frois 0«Q to 4S ppss* (Table-'VZ)* Histogram i s also 
plotted which i s shown in Figure K«16» 
The relative distriUmtion of copper is presented in 
Figaro G»IS« fhe pe^Bence of Cu in the ntangasese ores i s 
possibly due to i ts adsorption by Hn(OHK* FeCOH)« and the 
clay minerals (Kransk^f^ 19S6)* Ihe source of c^psr laar 
also be the oxidate sediments teitm in taanganese as suggested 
by Krishna Rao (19S9U 
6 u 
CHKOHXUN <Cr) 
Ourooiitim has <slos« ir«l«tiOfisMp with i t s iMiglhhoura 
\^ich sxe aia&9an«s6 ond ison* Chiroiiii^ im o£ nuingsiiiferotis 
iTMitM«diitietiit9 o£ ths air98 (Shivrajinur> ranges teom JO to 
liO iq^« (9abla*»VXh The histogram of chrosdiun i s also 
plotted which is shown in Figure ti»i7« 
Oir^ nitim and mangaoese do not show any significant 
relaticm Ctig* 0«i6) dum to the low concentration o£ 
chr«»iiitisi. Chr^ aium is possibly doe to the presence of 
ferromagnesioBi minerals^ where i t occurs as a cation* 
outside the e(»Qpl«x silicon oiqfgen framework* It is also 
p^sibla that the presence of chromium due to the clay 
mii^rals# because clay minerals seem to be responsible 
for the retention of chromium (Cr**'l <fr«^lich« »•# 19601« 
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CHM^R «» VII 
B^imkmt & mm^hmzm 
o£ Otiiarat «tft%e«- i s en iiiiiozftftiit iiaitQefisie p»>auei!)||' loealitir 
ia l ^ i s * tlie sHuifaBe8« ores «t«^  tminlf «siio<riftt«A with thu 
l ^ l l i t e s ^ i e l i iisHR^ a psr% of tti« ^^9t pil% of the Mavelli 
«€ihifitose iorsmti^as t^mtttittq pairtt ti£ th# PaiKih Mahal* asd 
mro&m di»triet8 ^f isniarat aiMfl aire lavgel^r e^iiposetl of 
iiiaeatone qpiart«itef emi§lmms&%Bt •!•««' atii 'phjrilitas* 
^ e s e aire @li<^tlir mttoii&irphOiiQa and highly- aiatorted* 
M far as tli« atratifrc^phf of the axva ia OH^eimei^ 
t^ese a««» aaaoelatei «rith the granitic latimaicm smA the 
defree ol iaetamoxphiaiB# the two fold diHaion of the 
'fra»aitioi3' Seriea naa ^ l i s t ^ . and diffieiiltiea we«e faced 
in deteinalJiifif the afea of loMir aad t^per transition aeriea 
due- to the ahaenoe of foaaila ai^ ^ar^ rinff degree of iMitaiDorphiam 
from plaee to place* mmfvmr^ Chmm^^^ 't^re plaoed in the 
lower diirision heoatiae lo«#er group of Transition rooks had 
l>een su^Jeoted to a oomaideralile diattirl»aiioe«« 
ilimganeee c»eidea hairn raplaoed tiMi folded eonntrr ttiQks 
in varjring degreea i«hen ttm. replmmmnt im eoiispleted the ore 
hodiea a i ^ a r a« beided- depoelta of sediiaentary origin, the 
enriehnient &M eoneentration of the ores nese largels" 
68 
aee^sij^lislMd ^ ssBteorte vaters eifcmlatliif throiigli the same 
eomitury rock in which n^y «•«"© nri^itmllf paf«t«»fe in th© foinB 
of pmetimllf wmtmmwpho»i^ primary dr«8» sine* l^«r© is no 
«vid@i^e of faulting cir midmtfpte&& lireceietion of thft 
isanfanif«reii9 fhirliitas^ pi Shivralpiirf i t stay b® '<i3^ ef$t«d 
that ttie tiilfMritliieinf soltitionn hair^ tr«vi}3.1@d dotmvarA in 
the 001^ Qt oxiaaticm ehiefif sion^ th# ciipiiiary <^eninfs 
of ttie c^nmtr^ r £t»c^ * 
f»i« piitrofraphio ena littiolofiioai <^ftraet#rs of the 
Aravalli rocki 4m to the presene® of ptis^ltites show Ion 
grade nts t^dmorptiisis i«€« sofntwhat AS gr@@n schist faeios* 
Tim tmmmBnt of stdiiaeiitdrir stru^stntfts such atg €^srr«nt 
l»@a^ in9# rippio mark0# l^ oSdin^ laminations are also shov 
ttio low gr«di«-!Wts{!iorpliisR* the rooks sro eonforsisMw en^ 
toMed a sp i^ t r i c s l l ^ into !ii§iil7 pitching antieiines and 
sifiuelin#St 
«li® porcoateg©^ of rtrious sjejor oxides prosont in 
tho G^ngsniferotts AStsssdifflonts of j^i^raipur «r«s hm@ h»en 
aotorminod ^ ge<m!i#iiiicsl Analysis visi* SiO** ^^%^$* ^^« 
CaO* fiO^* ^ a ^ ' ' ^ ^ * ^^* ^2%* ^'^^ '^^' ^*2^3 ^^^®^ ieon^ 
mA mn attasi^t has hasn mi^% to fstabiish th«ir .rulationship 
iritii mmm^m e«ii»i Correlation cooffiel^'*-**«• also 
dotensiiH^. to fsal^ a i t laora eltar* fmt^ alAiNKHts stiidf N^ur© 
also maile ana. c^# ii«. I^# Sn» c^# Or w«f« 4i«t@r»iif^: tiy the 
gooohomioal analysis of tha tnetas^iatnts* 
3to tli® light of th@ iT»aJor elOBi&nts'stiiai©® follcHning 
rolationship m&f ha astahlishad* 
G3 
2« S i l iea @i»i aluistoa: hei^s t ^ f ©ti'vo iv la t io i is t i ip with 
3« Pote^iiiKR «iiiS eal^itm hiivt it isipii l i issiife r t la t ionah ip 
S« i^Afaa«s# mtii^ itm3t%%m» with thm ifrnvm^tim of 
It 
0# liiiiser has vesk sni p^^iti'W rolationsMp. with 
?• Plio»|>tiorou« hgm positive t9lmtim»hip but fsitaniust 
stmm ^msy waalc ai^ ai fi«f uttire jt^lationsltip wiWi 
8* ®ilii?a 9hmm ttm tmgmivm jralmtiooiltip witti Alumina 
9« s%08|»!io£Qios and titatiius! hmm natatlva ir«l«tloiislii|> 
ifitsli sil ica* 
lOft Silica Ifieraatas nitti tl^^ ^imsmmm of iron imidie 
aiiS viea«»irairaat 
Vii 
tmm ^ t 
Jdistriet Roe^ nmtimn MnociAtmH tw&lm 
Hathmrastitira 
$ii)i«air Series 
^alma# K»P« Aravalli system Q&ar%8ittt»# phyll i tts 
Pafi^ i^ toiia3La« 
Gujarat Ctianpanttr sariwa l?liyiiit0a# alatast imm^Xll ss9t«i} <2aartsite9« limestonas 
Bai)9inMra# 
Bajaat^n Aravalli Sfvtasi Qtiarteitaa« iinaatonaa and ptiyllitaa 
aasigpurt Oriaaa Qangpur fiariaa Plifll itas* quartzitaa 
and lioaatonea 
Bonait R)Bonihar * S 
Bihar 
Xron 9c« Seriaa 
iesxiiginoua quartsitas 
ani gvaan atones 
Viahaldiapatnata 
sriicalmlaai# h»9*t 
<3a!ijafi# i^rapat 
iGal^liandli«&9lafi9ir 
Orisaa 
lihoiiaaiita daiTf^tif arodSf qtiartsitaa» 
Oartietf Qranalltas and 
asaociatad marblasf and 
faimat aiiiiisi^iite 
K&rtti Kanara** 
«nda©» 
t^tmrnf s^tai i Phsrllitaa ehloritatsehiata^ 
l»aiidad f aamgitiotia 
^tiastsitaat liit^atcmaa and 
graan atoiMa* 
Sai^iiffi >^iix-a# 
acMinoga 
Oiitaldussr and 
iSiainiar Sirstcsi 
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Data •homing tlt» iraiiga of iMiiov Qxl4«a of iMitasQillJMiit^ ot 
ShivraJpuTt Oiats-iet Paneh Maheia 
Clxlda ms* C%) Rang* C)4} 
S402 20*34 * at#07 
Al.|d« 4*16 «» 23*43 
MaO 0»iS « 19.83 
Ha^O 0*83 ^  fiv^t 
KgO 2*12 m I0#34 
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Data showing the Rai^ of traes KXmmnta of laetasediaiiiits 
of aiivrajptair 
Trace Sl«oefit Rai^a (ppio) 
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